Leaves of 10 rndomly selected plants representing eight dicotyledonous families were exposed to 14CO2 for a 10-minute period in the light.
Since Calvin and co-workers originally elucidated the pathway of photosynthesis in higher plants and demonstrated that PGA2 is the primary product of CO2 fixation, the conclusion has prevailed that acetyl-CoA arises from PGA via the glycolytic sequence and is thus the precursor of the tricarboxylic acid cycle (1, 2, 5, 7, 9, 13, 15, 16, 24, 27) . Data supporting this reasonable assumption include inhibitor studies, tracer studies, the presence of mitochondrial citric acid cycle activity, and the presence of the requisite glycolytic enzymes. However, a very essential criterion for establishing the precursor-product relationship between chloroplastic PGA and mitochondrial acetyl-CoA during photosynthesis was not investigated until recently when a method for obtaining the complete stereochemical distribution of isotope in citrate was developed (18) . The method was applied in a study of the higher plant, Vicia faba (19, 20) , and it was found that during photosynthesis in "4CO2 by leaves of this plant that the acetate moiety of citrate, which is classically derived from pyruvate, does not, in fact, possess the requisite "4C-isotope distribution characteristic of a Calvin cycle product.
While the acetate carbon atoms of citrate were unequally labeled (Cl > C2) after short term photosynthesis in "4CO2, the corresponding a-and ,3-carbon atoms of alanine were equally labeled (Ca = C,8). The latter distribution follows the universal patterns described for both alanine and PGA in higher plants (3, 6, 14, 19) . Furthermore, when V. faba leaves are infiltrated with arsenite during photosynthesis in "4CO2 the inhibitor specifically blocks the labeling of the methyl carbon atom of the acetate fragment of citrate (Cl >>> C2); the labeled distribution in alanine is unaffected (Ca = C,8) (20) . In the same study, the assimilation of infiltrated [3H]formate was found to be lightdependent; this substrate labeled the cited methyl carbon atom of citrate, but failed to label the corresponding carbon atom in alanine. These data fail to support the classical precursor-product relationship between PGA and acetyl-CoA (see Scheme I). Finally, serine, rather than PGA, possessed exactly the requisite isotope distribution (after photosynthesis in "4CO2 by V. faba leaves) to be the precursor of the acetyl-CoA pool which enters the citric acid cycle (21) .
These data minimally suggest the existence in V. faba of two pools of 3-and 4-carbon atom intermediates of separate origin. One of these pools, marked by alanine, appears to originate in the Calvin cycle. The other pool is composed of products related to a serine intermediate which presumably is of a nonphotorespiratory origin (21) . (Photorespiratory serine is equally labeled [17] .) The second category of intermediates-citrate, aspartate, malate, and serine-is labeled rapidly by either ["4C]or [3H]formate (21) . Glycine is not labeled (21) .
The anomalous labeling of citrate more significantly raises the question as to whether or not the glycolytic sequence does, in fact, function as a source of carbon for the citric acid cycle during photosynthesis. The objective of the present study is to examine a range of plant types for the same anomalous conditions and thus establish the universality of this phenomenon as originally observed in V. faba.
MATERIALS AND METHODS
Plant Material. Glycine soya (soybean), Nicotiana tabaccum (tobacco), Daucus carota sativa (carrot), and Brassica juncea (India mustard) were germinated under semisterile conditions on moistened filter paper and grown in vermiculite in White's nutrient medium (25) , modified to contain only essential inorganic salts. The legume, G. soya, was not inoculated with Rhizobia bacteria, and there was no evidence of nodulation at maturity. Other plants were selected from a collection located in the greenhouses of the Department of Botany, the University of Alabama-Tuscaloosa. The remaining plants were soil-grown and supplemented with the medium described above.
Photosynthetic 14CO2 Fixation. For a given species, four or five leaves were excised from the plant and transferred to the photochamber previously described (19) . Leaf bases were immersed in water. "4CO2 was released from a center well by acidification of that amount of "4C-bicarbonate which would give a final atmospheric "4CO2 tension of 0.1 or 1%, i.e. 29.6 or 410.5 ,umol of CO2 in 1,035 ml, assuming an initial ambient CO2 tension of 0.03% and a temperature of 20 C. The calculated specific radioactivity of "4CO2 was 2.6 x 106 dpm/,tmol and 26 ANOMALOUS ACETYL CoA x 106 cpm/,umol, respectively. The leaves were illuminated at an intensity of 5.6 x 104 ergs/cm2 * sec with fluorescent lights (Westinghouse 15 w, white F15T8/W). After a 10-min exposure, the leaves were removed from the chamber and immersed in 50 ml of MeOH-CHCL3-H20 (12:5:3, v/v) maintained at -50 C with powdered dry ice. Starting at the same low temperature the leaves were shattered by homogenization (10 min) with a VirTis 45 homogenizer. The technique is excellent for highly fibrous materials, and yields of labeled, low mol wt compounds are greater than 90%. The slurry was centrifuged at 5,000g for 15 min, and the precipitate was rehomogenized with 25 ml of the MeOH-CHCl3-H20 mixture. Combined supernatants contained 95% of soluble '4C-labeled compounds in all cases. To the pooled supernatants were added 0.375 and 0.25 volumes of H2O and CHCL3, respectively. The upper aqueous phase, containing the sugars, organic acids, and amino acids, was reduced in volume to 2 ml on a Buchler Evapo-mix and chromatographed on a Dowex 1-formate column (0.9 x 5 cm). Neutral and cationic compounds (including alanine) were eluted with 10 ml of H2O. Acidic amino acids were eluted with 20 ml of 1 N formic acid, and malic and citric acids were eluted with 30 ml of 4 N formic acid. Citrate was repurified by silica gel chromatography (10) and paper chromatography in n-pentanol saturated with formic acid (4) . Alanine was isolated from the neutral and catonic compounds by passage over a Dowex 50-chloride column developed with 2 N NH40H. Alanine was isolated by paper chromatography on Whatman No. 1 in 0.1% NH3-phenol (11) , and its purity was confirmed by chromatography on a Beckman amino acid analyzer.
Degradation Methods. The complete stereochemical degradation of citrate and the degradation of alanine have been described elsewhere (18) [I4C]Pentabromoacetone is extracted into heptane and aliquots may be removed for counting. Pentabromoacetone also forms a yellow-colored complex with thioureaborate in the citrate assay so that very accurate specific radioactivities may be obtained. Where isotopic purity of citrate is assured, the distribution of isotope between carbon atoms 1 and 2 of citrate may be calculated without counting the "4CO2. Thus, the "4CO2 collection step provides an additional confirmation of accuracy and was so employed in the present study.
The distribution of label in alanine (C-2,3) was obtained by the same degradation method after transamination of the alanine to pyruvate and oxidative decarboxylation of pyruvate with H202 to acetate.
Enzymes and cofactors for the degradation procedures were obtained from Boehringer-Mannheim or Sigma Chemical Co. Radioactivity Determinations. Absolute count rates were obtained on a Packard Tri-Carb liquid scintillation counter by the channels ratio for quench correction. Aqueous 
RESULTS AND DISCUSSION
The intramolecular distribution of "4C-isotope is reported only for carbon atoms 2 and 3 of alanine and carbon atoms 1 and 2 of citrate. Their metabolic correspondence is shown in Scheme I. Table I show dissimilar isotope distributions for the same corresponding carbon atoms of citrate and alanine. In 10 randomly selected dicotyledonous plants representing eight different families, the citrate (C-1/C-2) isotope ratio ranged from 1.22 and 1.78 compared to a ratio of 1.05 for the equally labeled control citrate. Theoretically, that portion of the molecule should have a ratio of unity if it originates from PGA in the Calvin cycle. Carbon atoms 2 and 3 of alanine were equally labeled in all plants as would be anticipated for a 3-carbon intermediate derived from PGA. The labeling pattern of these plants is essentially identical to that observed in the original studies of V. faba (19) . The citrate (C-1/C-2) isotope ratio for the plant, Brassaia actinophylla, ranged from 1.78 to 1.38 for "4CO2 tensions of 1 to 0.1%, respectively, suggesting that the pools which contribute to carbon atoms 1 and 2 of citrate are labeled at different rates by "4CO2.
Considerable evidence in the literature suggests that pyruvate is the precursor of citrate via acetyl-CoA and that citrate is formed in the mitochondria. In early investigations, Walker and Beevers (28) demonstrated the formation of acetyl phosphate from pyruvate when P-transacetylase was added to plant mitochondrial preparations. Brummond and Burris (9) established the entry of pyruvate into the citric acid cycle by incubating mitochondria from cotyledons of etiolated white lupine seedlings with [2-14C]pyruvate and unlabeled malate. The molar specific radioactivities of pyruvate and citrate were the same, indicating a direct precursor-product relationship. There are other numerous reports to the effect that citrate is the product when plant mitochondrial preparations are incubated with pyruvate and a 4carbon substrate, oxaloacetate or malate (8, 12, 22, 23) . Hence, pyruvate is reasonably well established as the precursor of citrate. The question, then, must be raised as to the source of mitochondrial pyruvate. Since pyruvate is labeled early in photosynthetic "4CO2 fixation, its origin is presumably chloroplastic.
Citrate is formed in the mitochondria (8, 13, 23) . If in these studies it is a valid assumption that alanine may be functionally identified with pyruvate, then it is clear that pyruvate derived from chloroplastic PGA is not the singular precursor of mitochondrial citrate. In previous studies of V. faba (20) , pool separation is apparent with the observation that arsenite blocks the "4CO2 labeling of citrate (C-2), while having no effect on the distribution of isotope in alanine. Also, [3H]formate labels citrate (C-2) but not alanine. It is likely, in fact, that the alanine analyzed in this report is restricted to chloroplastic and cytoplasmic metabolism and only after prolonged periods of photosynthesis is chloroplastic alanine or its precursor transported over into mitochondrial metabolism. In the chloroplast, pyruvate functions as a source of acetyl-CoA for fatty acid synthesis (29 as the singular precursor of mitochondrial citrate and indeed may not at all be significant in that pathway. This observation appears to be universal. While PGA is most certainly functional in "dark" glycolysis, it would appear that PGA may be restricted to chloroplastic and cytoplasmic reactions in the synthesis of sucrose and that serine, or an alternate substrate, which is labeled photosynthetically, acts as major source of carbon for the citric acid cycle in the light.
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